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ABSTRACT

A SHIPBOARD SURVEY TO DETERMINE THE QUANTITIES
OF HUMAN WASTES PRODUCED PER CAPITA AND THE PHYSICAL,
B10LOGICAL,BACTERIOLOGICAL AND CHEMICAL PROPERTIES
WAS CONDUCTED TO ESTABLISH THE DEGREE OF POLLUTION
OF HARBOR WATERS BY NAVAL VESSELS AND PROVIDE DESIGN
CRITERIA FOR A TREATMENT SYSTEM. THE ODATA SHOW THAT
seTWween 10 AnD 20 GPD oF SEWAGE ARE PRODUCED PER
CAPITA ON SHIPS FOLLOWING A NORMAL WORKDAY ROUTINE.
A MAXIMUM OF TWICE TH:!S AMOUNT CAN BE EXPECTED OF THE
OPERATION 1S ON AN AROUND-THE ~CLOCK BASIS. THE
SEWAGE PRODUCED CONTAINS AN AVERAGE OF 236 ma/L oF sus-
PENDED SOLIDS AND AN AVERAGE BIOCHEMICAL OXYGEN DE-~-
Mano (BOD) ofF 102 peM, THE GEOMETRIC AVERAGE COLIFORM
DENSITY INDEX WAS FOUND To Bz 4.8 x 102. Data 1s aLso
PRESENTED FOR THE CONCENTRATION OF SETTLEABLE SOLIDS,
TOTAL SOLIDS AND VOLATILE SOLIDS PRESENT. THE PH OF
THE SEWAGE AND THE DISSOLVED OXYGEN PRESENT AND THE
CONCENTRATION OF NITROGEN PRESENT IN YVARIOUS FORMS
WERE DETERMINED. mme

THE SURVEY ALSO SHOWED THAT THE WATER N THE
VICINITY OF A VESSEL FROM WHICH SEWAGE IS BEING DIS5-
CHARGED 1S NOT POLLUTED TO ANY ADVERSE DEGREE IN
TERMS OF THE COMMONLY USED PARAMETERS. VIRTUALLY . -
NO SUSPENDED SOLIDS WERE FOUND IN THE RIVER WATER ANd
THE COLIFORM DENSITY WAS WITHIN THE RANGE PERMITTED
AT MOST BATHING BEACHES IN THE UNiTED STATES.
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SURVEY TO DETERMINE QUANTITIES AND
PROPERTIES OF SEWAGE qu& NAVAL VESSELS

7.0 INTRODUCTION

As A CONSEQUENCE OF INCREASING PUBLIC AWARENESS OF WATER POLLUTION
AND AUGMENTED RECREATIONAL USE OF TIDAL WATERS, THE NAVY IS HAVING TO
FACE THE PROBLEM OF DISCONTINUING THE PRACTICE OF DIRECT DiSCHARGE OF
SEWAGE BY NAVAL VESSELS IN CONFINED WATERS. STANDARD PROCEDURES HAVE BEEN
ADOPJEn_ELN_,uL_5&{155&;1031_Q1§£g§AL OF _GARBAGE AND-REFUSE; ALSO FEDERAL
REGULATIONS AND INTERNAT IONAL AGREEMENTS ARE -EFFECTIVE .IN.CONTROLLING OfL
POLLUTION BY SHIPS., THE PROBLEM OF SEWAGE OISPOSAL, HOWEVER, 1S A VERY
REAL ONE FOR WHICH NO CONCISE PRACTIZCAL SOLUTION HAS YET BEEN PROVIDED.
THE TERM "SEWAGE," WHEN USED IN CONNECTION WITH SHIPBOARD DISPOSAL, IS
LIMITED TO THE WASTE WATERS FROM WATER CLOSETS AND URINALS. THE PROBLEM
1S CAUSED BY THE FOLLOWING FACTORS: :

@ THE CREATION OF A POTENTIAL WEALTH HAZARD FOR PEOPLE USING THE
'RECEIVING WATERS FOR RECREATIONAL PURPOSES. ‘

® BACTERIAL POLLUTION OF SHELL~-F{SH BREEDING GROUNDS.

® DEPOSITION OF SOLIDS AND REOUCTION OF DISSOLVED OXYGEN LEVELS SO
AS TO PRECLUDE OR IMPAIR AQUATIC LIFE.

® THE AESTHETIC ASPELTS OF UNSIGHTLY FLOATING SOLIDS AND ANY
ASSOCIATED ODOR CREATE A NUISANCE TO PEOPLE USING THE WATERS AND ADJACENT
SHORES-.
2.0 BACKGROUND

A CONSIDERABLE AMOJUNT OF WORK HAS BEEN DONE 8Y NASA AND OTHER
AGENCIES TO DETERMINE THE QUANTITIES OF HUMAN WASTE PRODUCED PER PERSON
AND THE CHEMICAL, BIJLOGICAL AND PHYSICAL PROPERTIES OF THIS WASTE.
SHIPBOARD SEWAGE DIFFERS FROM DOMESTIC SEWAGE BECAUSE THE FLUSH WATER
MSED IN SEA WATER, BRACKISH WATER, AND IN LAPGER QUANTITIES PER FLUSH.

THis LABORATORY WAS REQUESTED TO PROVIDE THE FOLLOWING INFORMATION AS
RELATED TO SH!PBOARD SEWAGE :

e HYDRAULIC DATA

[ PHYS:CAL DATA

e BroLosics: nATA_

® BACTERIOLOGICAL DATA

¢ CHEMICAL DATA

2
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FoUR SHTPFS, AN ATRCRAFT CARRPIER, A DESTROYER, A CRUISER AND A SUBMARINE
TENDER WERE SELECTED TO PARTICIPATE IN THE HYDRAULICZ SURVEY. A sys-
MARINE TENDER WAS SELECTED FOR OBTAINING THE REMAINDER OF THE DATA.

3.0  SHIPBOARD DATA

3.1  HYDRAULIC. REPRESENTATIVE AREAS ON EACH OF THE FOUR SHIPS WERE SE~ -
LECTED FOR THE METERING Of 7LUSH WATER. IN EACH CASE AN INTEGRATING FLOW '

METER WAS I%%.a.0iD IN THE SEA WATER FLUSH LUINETSUPPLYING FLUSH "WATER FOR

TWO WATf % CLOSETS. RECORDING EQUIPMENT WAS SUPPLIED TO OBTALN DATA® ] ———
TEE TOTAL QUANTITY OF FLUSH WATER USED AND ON THE FREQUENCY OF FLUSHING.

i+6LE 1 SUMMARIZES THE INfFORMATION OBTAINED FROM EACH SHIP.

Tasre, 1

No.oF WaTer|No.oF MeEN |AVERAGE Per CaPiTa
. | Crosers [Usine Water] Toral Frow GPD
SHIP ME1ERED CrLosets |Frow GPD*|Max [Min.] Av.
USS ESSEX (CVS 9) 2 40 468 11.7
USS MULLENNEX (DD 94h ) z 20-30 299 13,0 10.0[12.5
USS NORTHAMPTON (CC-1) P 20-30 37 118.9]12.6]15.1
FULTON (AS-11) (1) (zg '

(1) THREE WATER CLOSETS AND ONC URINAL
(2) Data To BE OSTAINLL AR

Tri (NFORMATION FROM LACH SHII WwaS GBTAINED OVER A 30-DAY PERIOD. [T WAS
STUUMINED THAT ABOUT 4.5 GALLONS OF WATER ARE USED EACH TIME THE WATER
LGSET 1S FLUSHED. ['CAK FLOW PERIODS WERE EXPERIENCED BETWEEN 0500 AND

U900 HOurS aND BETWEEN 2100 AND 2300 HOURS., ODURING THESE PERIODS THE FLOW
RATE WAS BETWEEN 200 AND 300 PERCENT OF THE DALY AVERAGE. SOME DAY~TO=DAY -
YA IATION WAS NOTED IN WATLR USAGE DEPENDING ON THE OPERATING ROUTINE OF

THE SHI®. ANOTHER FACTOR WHICH INFLUENCED THE WATER USAGE WAS THE NUMBER

0f PERSONNEL HAVING LIBERTY, IF THIS NUMBER WAS GREAT AN ADDITIONAL PEAK

LOADING PERIOD WAS EXPERIENCED BETWEEN 2400 AND 0100 HOUuRs.

3.2 PHystcai, BrolocicaL, BACTERIOLOGICAL AND CHEMICAL. SAMPLES OF HUMAN
WASTES WERE COLLEGIED ABOARD THE UUSS FULTON (AS-11) ror PHYSICAL, BIOLOGICAL,
BACTERIOLOGICAL AND CHEMICAL ANALYSIS. A CLOSED SAMPLED COLLECTION TANK
CQUIPPED WITH A LOW SPEZD STIRRER WAS INSTALLED IN THF STOREROOM BENEATH

THE FORWARD CREW'S HEAD. THE SHIPS' PIPING WAS MODIFIED SO THAT THREEL

WATER CLOSETS AND ONE URINAL DRAINED INTO THIS SAMPLING TANK. THE CONTENTS
OF THE TANK WEREL AGITATED TO ASSURE THOROUGH MIXING. THE WASTE WAS COLLECTED
FOR ONE HGUR AND WAS THEN SAMPLED THROUGH A QUICK OPENING VALVE. AFTER
SAMPLING, THE CONTENTS OF THE TANK WAS DRAINED OVERBOARD PRIOR TO COLLECTING
THE NEXT HOURS waSTE. TWENTY-FIve SEWAGE SAMPLES WERE TAKEN OVER A THREE-DAY

~

*ABBREVIATIONS USED IN ThIS TEXT ARE FRGM THE GPO Styie Manuar, 1959,

UNLESS OTHERWISE NOTED,
2

[aal
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FERIOD., THE RESULTS OF THESE ANALYSES ARE SHCWN IN TABLE 2. [N ADDITION,
Six SAMPLES OF THE Twuamis RIVER WATER USED FOR TLUSHING WERE ANALYZED TO
ESTABL1SH A BASE L NF fFOR THE SEWAGE ZaTa, [hi3c RESYLIS ARE SUMMARIZED
in TasLe 3.

4.0 DISCUSSION

4.1 HrorauLic DaTA. DATA OBTAINED FROM THL THREE SHIPS SURVEYED SHOW THAT
BETWEEN 10 AnD 20 GALLONS FER DAY OF SFWAGF CAN BE EXPECTED TLR MAN. LITTLE
VARIATION ws. NOTED FROM SHIP TO SHIP. DURING PEAK FERIODS FLOW RATES AS
- HIGH -+ 38U PLRCENT OF THE DAILY AVERAGE CAN-BE EXPECTED. THE U. S. ArmY
SUIUUCTED A SIMILAR SURVEY TO DETERMINE THE QUANTITIES OF SEWAGE PRODUCED
at A NIKE MISSILE SITC IN SHELTON, CONNECTICUT. |T SHOWED THAT AN AVERAGE
oF 18.3 GPD couLb BE EXPECTED FOR EACH NONRESIDENT MAN AND 56.7 GPD for
EACH RESIDENT. PEAx LOADING OF APPROXIMATELY 200 PERCENT OF THE DAILY
AVERAGL WAS EXPERIENCED., SOMEWHAT HIGHER FLOWS WIRE FOUND TO OCCUR AT A
MISSILE SITE IN BEDFORD, MASSACHUSSETTS. EACH NONRESIDENT USED APPROXI =
MATELY 26.2 GPD AND EACH RESIDENT APPROXIMATELY [4.2 GPD. PEAK LOADING OF
ABOUT 250 PERCENT OF THE DALY AVERAGE WAS EXPERIENCED, THE FLOW DATA
FROM BOTH SITES FOLLOWED A TRIMODAL CURVE WiTH FEAK FLOWS IMMEDIATELY AFTER
MEAL TIMES OR EATING PERIODS.SUCH PEARS WERE FOUND TO EXIST ABOARD NAVAL
vCSSELS.,  CONSIDERABLE QUANTITIES OF DATA WERE OBTAINLD WHILE THE VESSELS
WLRE IN PORT. CUSTOMARILY IN THiS CLRCUMSTANCE A LARGL PORTION OF THE
CREW GOES ASHORE FRIGR TO THE EVENING MEAL. TA1S ACCOUNTS FOR LOWER FLOWS
THAN wOULD BE EXPECTED WITH A FULL COMPLEMENT ABCARD DURING THE EVENING
HOURS. BECAUSE ANY TREATMENT UNIT USED ABDARD A NAVAL VESSEL MUST BE
JEZIGNED TO OPERATE WITH A FULL coMpLEMENT 24 1LOURS PER DAY, IT IS
.. CESSARY 10 ADJUST THE PER CAPITA FLOWS OBTAINED IN THIS SURVEY. AS AN
"FROXIMATION, IT IS5 ASSUMED TH8T THE PELR TAPITA FLOWS FOR EM-HOUR
“SFRATION CAN BLC AS MUCH AT fwlck IHULL SHOWN !N TaaLe 1.

2 PuysicaL, Blorogicat, BacTERIGLOGICAL AND Cprmical Data.

.2.1 SuseEnDED SoLips, BirocHEmical Oxveen Demanp (BOD) anp CoLIFosM
NZliv., AVERAGE VALULS OF SUSPENDED SCLIDS, BOD AND COLIFORM DENSITY

s PL CALCULATED. ANALYS1S OF TABLE 3 ShOWS CONCLUSIVELY THAT THE HARBOR
WATERK ADJACENT To FULTON 1s MOT POLLUTED !N TERMS OF TAESE COMMONLY USED
FARAMETERS. THERE ARE VIRTUALLY NO SUSFENDED 39L1DS IN THE FLUSHING
WaTER AND A NEGLIGIBLL BOD. €COLIFORM COUNT 'S wlIT-.N THAT PLRMITTED AT
“0sT BATHING BEACHES IN THE UNITED STATES.

THE YARIATION OF THL LOLIFORM DENSITY |NDEX S THL SEWAGE SAMPLES RANGES
crom B3 x 107 10 2.4 x 107 Wit LiT7TLE OR NO CORRELCTION BETWEEN TIME
Or DAY AND MINIMUM OR MAXIMUM varucs, Tur Cormo7 sl AvikAub, ARIFTHMETIC

AVERAGE AND MEDIAN COLIFORM DENSITIES wErr 4.8 « 10D, 3.7 x 106 anp
1.0 x 10V, rrspPecTiviiy., THERE 1S A GENERAL CORRELATICN BETWEEN VALUES

FGR SUSPENDED SCLIDS, COLIFORM anD BOD; ALl THREE FOLLOW THE SASE GENERAL
FLITCRN OF HIGH AND LOW VALULS3. Mucd rLowir vALUurs 7oRr BOD aND SUSPENDED
S01 IDS WERE OBTAINLD THAN ANTICIPATLD. Jht aveissGE HBOD rorR THE PERIOD

OF SAMPLING WAS FOUND 10 BE 102 pPm. TwF aviRASGE LOAD OF SUSFENDED

SOn DS POk ML PERIOD WeS 230 MG/L. THESE DaT2 INGICATE THAT THE WASTES
c0LLD BL CLASSED AS 8 WEAK DOMESTIC SEWAGE.
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4.2,2 SeTTLEABLE SoLips AND PH.  THE SOLIDS APPEARED TO SETTLE RAPIDLY
IN THE IMHOFF CONE TESTS. THE AVERAGE VALUE FOR THE THREE DAY SAMPLING
PERIOD WAS 5.4 ML/L. THIS VALUE WAS ALSO LOWER THAN WOULD BE EXPECTED
FROM DOMESTIC SEWAGE. -THE PH OF THE HARBOR WATER WAS FOUND TO BE CLOSE
7O THE OPTIMUM FOR B0TH BACTE“lAL GROWTH AND FOR CHLORINATiON REACTIONS,
Two Low VALUES WERE OBTAINED ON 19 OcToserR. LOW COLIFORM COUNTS WERE
NOTED SIMULTANEOUSLY, INDICATING THAT CHLORINE OR OTHEIR CLEANING COMPOUND
THAT WOULD LOWER THE PH MAY HAVE BEEN USED DURING THE PERIOD.

h.2.3 NITROGEN COMPOUNDS. THE NITROGEN VALUES REPORTED ARE A GOOD- IN=
JILATION THAT A WASTE HAS BEEN INTROOUCED INTO THE FLUSHING WATER. THE
URGANIC NITROGEN PRESENT WOULD BE EXPECTED TO CONTRIBUTE TO THE BOD oF THE
WASTES. THIS OXYGEN DEMAND, HOWEVER, 1S PROBABLY NOT COMPLETELY EXERTED
DURING THE STANDARD FIVE-DAY BOD TEST, AS THERE DOES NOT APPEAR TO BE ANY
CORRELATION BETWEEN THE BOD AND TOTAL NITROGEN VALUES REPORTED. HIGH VALUES
FOR NITROGEN AS AMMONIA INDICATE THAT COMBINATION BETWEEN CHLORINE AND
AMMONIA GROUPS MAY BE EXPECTED, THUS REDUCING THE AMOUNT OF FREE CHLORINE
AVAILABLE FOR TREATMENT OF THE SEWAGE .IF A CHLORINATION TREATMENT IS CON~-
SIDERED,

%.2.% VoLaTiLe SoLips AND ToTAL SoLips. MINERAL SOLIDS DUE TO SEA SALTS
CONSTITUTE THE BULK OF THE TOTAL SOLIDS IN THE SEWAGE. AN AVERAGE OF 5825
PPM OF VOLATILE SOLIDS WERE FOUND., TH!IS VALUE REPRESENTS THE VOLATILE
SOLIDS IN THE FLUSH WATER PLUS THE VOLATILE SOLIDS INTRODUCED BY THE
SEWAGE .

.2.Y% DissoLven OxYGeEN. THE SATURATION OXYGEN CONCENTRATION FOR WATER CONTA[NING

-PPROXIMATELY 33,000 ppM sea saLTs AT 16 C 1o 19 C 1s BETWEEN 7.7 anp 8.2
“PM, THE AVERAGE DISSOLVED OXYGEN CONCENTRATION OF THE FLUSH WATER USED
+s FOUND TO BE 6.61 PPM. THE AVERAGE DISSOLVED OXYGEN CONCENTRATION

| QUND IN THE SEWAGE SAMPLES wAS 5.38 PPM. THIS DEPLETION OF 1.23 PPM

iS5 NOT SERIOUS SINCE THE RESULTING CONCENTRATION IS STILL HIGH ENOUGH

"0 SUPPORT ALL FORMS OF SALT WATER MARINE LIFE.

.0  SUMMARY

A SUMMARY OF THE CHARACTERISTICS OF SHIPBOARD SEWAGE 1S PRESENTED
in TABLE 4 sELOW. ALTHOUGH ONLY ONE SHIP WAS SURVEYED TO OBTAIN THE
PHYSICAL, BIOLOGICAL, BACTERIOLOGICAL AND CHEMICAL PROPERTIES, IT iS5
FELT THAT THESE VALUES ARE REPRESENTATIVE OF SEWAGE FOUND ABQARD ANY
MAVAL VESSEL SINCE THE CONCCNTRATIONS ARE LARGELY DEPENDENT ON THE QUANTI -
TY OF FLUSH WATER USED. GOOD AGREEMENT WAS NOTED !N THE FLUSH WATER
JSAGE DATA OBTAINED FROM THE THREE SHIPS SURVEYED. ADDITIONAL FLUSH
WATER USAGE DATA FROM THE USS FULTON wiLL BE REPORTED WHEN IT BECOMES
AVAILABLE. THE SEWAGE PROPERTIES PRESENTED IN TABLE U CAN BE
USED AS INPUT PARAMETERS FOR THE DESIGN OF A TREATMENT SYSTEM FOR NAVAL
VESSELS WITH THE EXCEPTIOM OF THE PER CAPITA WATER USAGE DATA, THESE
VALUE3 SHOULD BE DOUBLED AS INDICATED ABOVE IN ORDER TO ALLOW FOR POGSSIBLE
ROUND=~THE ~CLOCK OPERATION OF THE SYSTEM,.
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TasLE 4

SuMMARY OF THE PROPERTIES OF SEWAGE
From A Navar VESSEL

Per Capita FLow, GPD max. 17.0%
Prr fzr:ia FLow, GPD MiwN. 11.3%
Pixk CAp1TA FLow, GPD Av. 13.1%
SUSPENDED SoLiDS, MG/L AV. 236
BrocHeMicarL OxyGen DEMAND, PPM Av. 102
CoL1FORM DENSITY INDEX, MPN pER 100 ML, 4.8 x 100
GEOMETRIC, AV. :
SETTLEABLE SoLips, ML/t Av. 5.4
PH, av. 7.38
NITROGEN AS AMMONIA, PPM AV, 15.2
NiTROGEN ASs NITRATE, PPM AV, 12.5
N!'TROGEN As NITRITL, PPM AV, 0.01
N:~roGgeN, ORGANIC, FPM AV, 112.1
Mi1rogr N, TOTAL, PPM Av, 127.3
fersaL SoLrns, PpPM AV, 33,000
VotariLe aND ORGANIC SOLID3, PPM AV, 5,82
D:50LvED OXYGEN, PPM AV. 5.3

*FLE38 VALUES SHOULD BE DOUSLED TO ALLOW FOR AROUND=THE ~CLOCK

OFERATION.
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